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UNDERGROUND MINE COMMUNICATIONS 
( In  Four Par ts)  
2, Paging Systems 
Compiled by Staff-Mining Research 
ABSTRACT 
This  Bureau of Mines r e p o r t  summarizes the  r e sea rch ,  development, and 
evalua t ion  demonstrations conducted by the Bureau of Mines under the  Health 
and Safe ty  Act of 1969 t o  improve the  means of no t i fy ing  miners underground, 
who a r e  away from t h e i r  own phone, t h a t  they a r e  being c a l l e d .  
INTRODUCTION 
I t  has been observed t h a t  i t  t y p i c a l l y  takes 30 minutes fo r  a person on 
t h e  su r face  t o  reach a person underground by phone. The r e sea rch  repor ted  has 
been d i r ec t ed  toward reducing t h i s  time so  t h a t  i t  w i l l  be no longer than i s  
usua l  fo r  a person responding to  a normal sur face- to-sur face  phone c a l l .  
The primary ope ra t iona l  requirement of a communication system i s  t h a t  
an ind iv idua l  must be a b l e  t o  i n i t i a t e  and rece ive  communications a s  necessary 
r ega rd le s s  of where t h a t  person i s  w i th in  the mine. The f u l l y  in t eg ra t ed  mine 
communication and monitoring (MCM) system discussed i n  the  f i r s t  paper s a t i s -  
f i e s  t h i s  requirement.  The MCM-101 c a l l  a l e r t  i s  a pocket paging r ece ive r  
t h a t  can be used t o  a l e r t  a c a l l e d  pa r ty  t o  go t o  the  nea res t  phone and r e t u r n  
the  c a l l .  I n  add i t ion  t o  c a l l  a l e r t ,  another subsystem and i n t e r f a c e  t o  a 
wi re l e s s  r a d i o  make i t  poss ib le  f o r  t he  person t o  hold a two-way conversat ion 
wi th  the  c a l l i n g  pa r ty ,  o r  t o  i n i t i a t e  a c a l l  when a person i s  remote from a 
f ixed - loca t ion  phone. 
Although much of the  research  has been devoted t o  new paging concepts,  
some re sea rch  has been devoted t o  improving performance of e x i s t i n g  paging 
systems. The second paper ,  Pager-Phone Guidelines and Tes t  Equipment, r e p o r t s  
on r e sea rch  t h a t  provides guidance information on the  i n s t a l l a t i o n ,  opera t ion ,  
and maintenance of pager-phone systems. This  work w i l l  f a m i l i a r i z e  ope ra to r s ,  
miners, and inspec to r s  with p r a c t i c e s  and procedures t h a t  w i l l  allow optimum 
performance of pager phones. 
The primary ope ra t iona l  requirement cannot be s a t i s f i e d  by adding on t o  
e x i s t i n g  mine pager-phone systems, but  in te rmedia te  paging equipment has been 
developed t h a t  can be added on t o  e x i s t i n g  systems. The Visual  Paging System 
adds on t o  the  pager-phone l i n e s .  By pos t ing  a coded s i g n a l  a t  d i sp lay  boxes 
throughout t he  mine, personnel  a r e  n o t i f i e d  t h a t  they  should c a l l  t h e  d i s -  
pa tcher  o r  t h e  switchboard opera tor .  An a l t e r n a t i v e  o r  a d d i t i o n  t o  t h e  v i s u a l  
pager i s  an e lec t romagnet ic  pocket r e c e i v e r  t h a t  can be a c t i v a t e d  from t h e  
same o f f i c e  equipment used t o  pos t  a  v i s u a l  page, a s  discussed i n  Ca l l -A le r t  
Paging f o r  Pager-Phone Systems. 
The r a d i o  pager d i scussed  i n  t h e  f i n a l  paper i s  a  pocket page r e c e i v e r  
capable  of r e c e i v i n g  a  vo ice  page. The advantage of vo i ce  paging i s  t he  
a b i l i t y  t o  d i r e c t  a  person t o  r e t u r n  a  c a l l  t o  a  s p e c i f i c  i n d i v i d u a l ,  o r  t o  
d e l i v e r  o the r  simple one-way messages or  i n s t r u c t i o n s .  
Throughout t h i s  r e p o r t ,  r e f e r ence  t o  s p e c i f i c  companies or  t r a d e  names 
i s  made f o r  in format ion  only and does no t  imply endorsement by t h e  Bureau of 
Mines. 
MCM-101 CALL-ALERT PAGING 
by 
Harry Dobroski, J r  .' 
ABSTRACT 
Under a Bureau of Mines c o n t r a c t ,  an advanced communications and monitor- 
ing system, the  MCM-101, has been developed f o r  mine use by Co l l in s  Radio. 
When i t  i s  equipped wi th  r a d i o  t r a n s m i t t e r s  and r e c e i v e r s ,  the  MCM-101 becomes 
a c a l l - a l e r t  system t h a t  enables  persons remote from telephones t o  be con- 
t ac t ed .  Paging can be e i t h e r  s e l e c t i v e  o r  gene ra l ,  bu t  both types a r e  con- 
t r o l l e d  by t h e  system c e n t e r .  The s e l e c t i v e  pager i s  a small pocket- o r  b e l t -  
c a r r i e d  u n i t  which, when ac t iva t ed  by any telephone i n  the  MCM-101 system, 
sounds a buzzer and l i g h t s  a lamp. F i r s t -gene ra t ion  u n i t s  have been t e s t e d  a t  
the  Robena mine. The experiences gained i n  these  t e s t s  a r e  being applied t o  
second-generation u n i t s  now under development. 
INTRODUCTION 
I n  any paging system, two th ings  a r e  of prime importance. F i r s t ,  the  
system must have g r e a t  range,  because personnel underground, e s p e c i a l l y  man- 
agement, may be anywhere i n  the  mine. Second, t h e  system must be capable of 
being s e l e c t i v e ;  t h a t  i s ,  only the  person being paged should a c t u a l l y  r ece ive  
the  s i g n a l .  Otherwise, t h e r e  would be a tendency t o  t u r n  o f f  o r  ignore the  
pager a l toge the r  because t h e  l a rge  number of c a l l s  generated would be a nu i -  
sance. In  t h e  MCM-101 system, both genera l  and s e l e c t i v e  paging a r e  poss ib l e ;  
t h a t  i s ,  a l l  mine personnel  can be paged simultaneously,  o r  a s i n g l e  ind iv id -  
u a l  can be paged. 
DISCUSSION OF SYSTEM 
Dual Paging Capab i l i t y  
A system cen te r ,  u sua l ly  located on the  sur face ,  con t ro l s  and monitors 
a l l  of t he  devices assoc ia ted  with the  e n t i r e  MCM-101 system. The cen te r  con- 
s i s t s  of a minicomputer, i n t e r f a c e  c i r c u i t r y ,  a t e l e t y p e w r i t e r ,  and monitor 
readout  devices .  F igure  1 presen t s  a diagram of the  MCM-101 paging system. 2 
The most important underground device i n  t h e  MCM-101 system i s  the  t e l e -  
phone. Besides o f f e r i n g  more p r i v a t e ,  s ingle-channel  communication, t he  
l ~ l e c t r i c a l  engineer ,  P i t t sbu rgh  Mining and Safe ty  Research Center ,  Bureau of 
Mines, P i t t sbu rgh ,  Pa. 
2 ~ o l l i n s  Radio Group. C a l l  A l e r t  Receiver Manual --Model 59D-1. June 1975, 
4 pp.; a v a i l a b l e  from H. Dobroski, Bureau of Mines, P i t t sbu rgh ,  Pa. 
Co l l in s  Radio Group. C a l l  A l e r t  Pager Modification--Model 59D-1. June 1975, 
11 pp.; a v a i l a b l e  from H .  Dobroski, Bureau of Mines, P i t t sbu rgh ,  Pa. 
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FIGURE 1. - Diagram of MCM-101 telephone system equipped with call-alert paging, 
te lephone can  be equipped wi th  a v a r i e t y  of devices ,  such a s  monitors and con- 
t r o l  u n i t s .  In  add i t i on ,  each phone can  be equipped wi th  a s p e c i a l  i n t e r n a l  
r a d i o  t r a n s m i t t e r  t h a t  a l s o  can  be c o n t r o l l e d  by t h e  system c e n t e r .  Each 
phone used i n  t h e  system has a jack on the  bottom t o  accommodate an antenna. 
The antenna c o n s i s t s  of a s i n g l e  loop of wi re  around t h e  c o a l  p i l l a r  n e a r e s t  
the  te lephone.  The antenna and the  assoc ia ted  i n t e r n a l  r a d i o  t r a n s m i t t e r  form 
the  b a s i s  of t he  genera l  paging system. 
Operat ional  Fea tures  
Assume I am near  a phone, e i t h e r  i n  t he  mine or  on the su r f ace ,  and you 
a r e  i n  t h e  mine. As shown i n  f i g u r e  2 ,  I can  con tac t  you from any of t he  
telephones i n  the  MCM-101 system. Obviously, i f  I know you a r e  near  a 
FIGURE 2. - Operator using a telephone to ini t iate a page. 
FIGURE 3. - MCM-101 pager unit. 
telephone, simple phone-to-phone contac t  can be made. However, i n  a mine 
environment, t h i s  i s  r a r e l y  t h e  case ;  the  person being c a l l e d  i s  usual ly  some- 
where i n  the  mine away from a phone. I f  t h i s  i s  the  case,  I would then t r y  t o  
page you. To do so ,  I must know the number of the  pocket pager you a r e  wear- 
ing ( for  example, pager No. 019). Then, I j u s t  go t o  any phone, surface  or  
subsurface, and d i a l  "7-019." The seven s igna l s  the  system center  t h a t  paging 
i s  des i red .  The system cen te r  then i n s t r u c t s  each rad io  t r ansmi t t e r  i n  each 
underground telephone t o  t ransmit  a coded message i n t o  the  mine, using the 
loop antennas mentioned e a r l i e r .  Although t h i s  coded message may be received 
by many pocket pagers, only one--yours - - i s  designed f o r  t h i s  p a r t i c u l a r  code, 
and only pager 019 would come on. When it does come on, i t  buzzes f o r  about 
1 second and a small ind ica to r  lamp l i g h t s ,  remaining lit u n t i l  the  u n i t  i s  
r e s e t  ( f i g .  3 ) .  
Of course, you have no idea who or ig inated  the  page, or  where the  o r ig -  
i n a t i n g  phone i s  located .  But s ince  the  system center  i s  computer-controlled, 
t h i s  information i s  s tored  i n  the  computer. To answer my page, you have only 
t o  go t o  any telephone and d i a l  ">k-019." The a s t e r i s k  t e l l s  the  system center  
t h a t  a page t o  019 i s  being answered. The system center  then r ings  my phone, 
and we can then c a r r y  on a regular  telephone conversation. A l l  t h i s  i s  done 
without me knowing where you were located i n  the  mine, o r  you knowing where I 
or ig inated  the  c a l l .  
Af ter  a prese lec ted  time, usual ly  about 15 minutes, the  system center  
w i l l  e rase  a l l  information from memory. Thus, i f  a page i s  not answered 
wi th in  15 minutes, i t  cannot be answered. This f ea tu re  keeps the  computer 
from being overloaded i f  pages a r e  not  answered. An unanswered page usual ly  
means t h a t  the  paged person was s o  f a r  from a telephone r a d i o  t ransmit ter  t h a t  
he did not  rece ive  the  page. 
In  addi t ion  t o  s e l e c t i v e  paging, the  system a l s o  o f f e r s  genera l  paging. 
I n  t h i s  mode, d i a l i n g  7-000 r e s u l t s  i n  a l l  pagers i n  the  mine coming on 
simultaneously--an important f ea tu re  under emergency condi t ions .  Although 
t h i s  system i s  sometimes ca l l ed  "whole-mine paging," there  i s ,  of course, a 
l i m i t  t o  how much a c t u a l  coverage i s  poss ib le .  I f  the loop antennas a r e  put  
around coa l  p i l l a r s  about 70 f e e t  on a s i d e ,  the  range i s  about 800 f e e t  from 
each antenna. Coverage of seve ra l  thousand f e e t  i s  poss ib le ,  but  i n  t h i s  case 
the  s igna l s  a r e  being complemented by mine wiring,  and t h i s  i s  not  considered 
typ ica l .  
PROGRESS TO DATE 
Experience wi th  the  pagers t o  date has been l imi ted .  Systems have been 
i n s t a l l e d  a t  t h e  Robena mine of United S t a t e s  S t e e l  Corp. and the  Safe ty  
Research Mine of the  Bureau of Mines. Tests  on these  systems showed t h a t  the  
pagers should be modified t o  reduce t h e i r  s i z e  and improve t h e i r  s t a b i l i t y .  
However, s ince  these  p a r t i c u l a r  u n i t s  were f i r s t - g e n e r a t i o n  prototypes,  such 
modificat ions a r e  not unusual. 
PAGER-PHONE GUIDELINES AND TEST EQUIPMENT 
Robert  L .  chufol and Koger G .    on^^ 
Pager phones cont inue  a s  a  widely used communication system i n  c o a l  mines. 
C e r t a i n  l i m i t a t i o n s ,  such a s  t h e  l ack  of s e l e c t i v e  c a l l i n g  and the  p a r t y - l i n e  
type of ope ra t i on ,  a r e  o f f s e t  by the  ease  of o p e r a t i o n  and maintenance, low 
c o s t ,  and proven r e l i a b i l i t y  i n  t he  mine environment. 
The Bureau has developed t e c h n i c a l  memoranda t o  teach  ope ra t i ng  personnel ,  
maintenance workers,  and i n s p e c t o r s  how t o  i n s t a l l  and main ta in  pager-type 
te lephones .  These t e c h n i c a l  memoranda inc lude  i n s t a l l z t i o n ,  l i gh tn ing  p ro t ec -  
t i o n ,  cab l e  s e l e c t i o n ,  cab l e  s p l i c e s ,  and t e s t i n g .  Line drawings i l l u s t r a t e  
t he  bas i c  p r i n c i p l e s  of te lephone opera t ion ,  cab l e  s p l i c e s ,  p r o t e c t i v e  c i r  - 
c u i t s ,  and recommended i n s t a l l a t i o n  and maintenance. The memoranda w i l l  be 
publ ished a s  a  Bureau handbook. 
To a s s i s t  i n  t e s t i n g  the  pager phones, commercial- te lephone-test ing equip-  
ment was modified t o  s u i t  t h e  unique requirements  of t he se  te lephones  a s  nor -  
mally used i n  c o a l  mines. Addi t iona l  t e s t  equipment was designed t o  provide a  
t o n e - t e s t  s i g n a l  and c i r c u i t  switching t o  d i sconnec t  the  t e s t  s i g n a l  gene ra to r  
dur ing  paging. 
INTRODUCTION 
I n  l a r g e  mines,  complex communication equipment i s  used and maintained by 
a p p r o p r i a t e l y  t r a i n e d  personnel .  Where t r a f f i c  loads warrant  i t ,  t h e  more 
complex te lephone systems al lowing zone and/or  s e l e c t i v e  c a l l i n g  a r e  used. 
However, i n  the  v a s t  number of smal le r  mines, t h e  p a r t y - l i n e  pager phone does 
the  job, and t h e  gene ra l  maintenance crew i s  ab l e  t o  s e r v i c e  t h e  phone system. 
Figure 1 shows the  pager-phone models now i n  use i n  underground c o a l  mines. 
To h e l p  mine personnel  i n s t a l l  and main ta in  a  pager-phone system, t e c h n i -  
c a l  memoranda have been developed, and t e s t  equipment has been i d e n t i f i e d  f o r  
use w i t h i n  t he  mine f o r  go no-go t e s t i n g .  Add i t i ona l ly ,  t o  a s s i s t  manufac- 
t u r e r s  i n  developing c o n s i s t e n t ,  q u a l i t y  equipment s u i t a b l e  f o r  the  environ-  
ment, and t o  a s s i s t  ope ra t i ng  personnel  i n  judging the  c a p a b i l i t i e s  of a  wide 
choice  of pager phones, g u i d e l i n e s  were developed f o r  eva lua t ing  t h e  accepta-  
b i l i t y  of pager phones. 
l E l e c t r i c a 1  engineer ,  P i t t s b u r g h  Mining and Sa fe ty  Research Cen te r ,  Bureau of 
Mines, P i t t s b u r g h ,  Pa. 
2 ~ l e c t r o n i c s  systems s e c t i o n ,  Arthur  D .  L i t t l e ,  Inc . , Cambridge, Mass. 
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STATUS OF HARDWARE AND ITS INSTALLATION AND MAINTENANCE 
Control l ing and Monitoring Communication Equipment 
Adequate communication wi th in  a  mine and between t h e  sur face  and the 
underground work s t a t i o n s  i s  a  v i t a l  pa r t  of the proper opera t ion  of an under- 
ground f a c i l i t y .  Communication i s  not only an important s a f e t y  f a c t o r ,  but 
a l s o  a i d s  i n  day-to-day operat ions and the  t a s k  of moving coa l  t o  the  sur face .  
In  c e r t a i n  c l a s s e s  of coa l  mines, cu r ren t  r egu la t ions  r equ i re  t h a t  telephone 
communication be provided between each working sec t ion  and the  su r face .  The 
comunica t ion  equipment i n s t a l l e d  inby the l a s t  open crosscut  must be approved 
by t h e  Mining Enforcement and Safe ty  Administrat ion (MESA) as  e i t h e r  i n t r i n s i -  
c a l l y  sa fe  or  permiss ib le .  The MESA inspector  must v e r i f y  t h a t  a l l  i n s t a l l e d  
equipment funct ions and meets the  s a f e t y  requirements.  By t r a i n i n g  and cu r -  
r e n t  p r a c t i c e ,  t he  mine i n s p e c t o r ' s  d u t i e s  i n  the  a rea  of communication equip- 
ment a r e  l imi ted  t o  ve r i fy ing  t h a t  acceptable equipment i s  i n s t a l l e d  a t  t h e  
minimum requi red  loca t ions ,  and t h a t  t h e  equipment i s  ~ p e r a t i o n a l . ~  
Lack of Training 
A major problem i n  se rv ice  and maintenance i n  a l l  but a  few of the l a rge r  
mines seems t o  be the  lack of t r a ined  personnel on s i t e ,  as  we l l  a s  a  lack of 
uniformity i n  i n s t a l l a t i o n  s tandards .  Reportedly, only minimum e f f o r t  i s  made 
t o  a s c e r t a i n  whether the  equipment i s  r e l i a b l e  and s u i t a b l e  f o r  a  p a r t i c u l a r  
app l i ca t ion  a s  long as  i t  i s  s a f e  t o  operate.  Cer ta in  mines experience high 
r a t e s  of communication-equipment downtime, while o thers  with t h e  same o r  s imi-  
l a r  equipment have minor problems. The only c o r r e l a t i o n  seems t o  be i n  t h e  
o n - s i t e  maintenance p rac t i ces ,  which include i n s t a l l a t i o n .  
Operating personnel a r e  becoming more aware of t h e  necess i ty  f o r  r e l i a b l e  
communication. Many of the systems were i n s t a l l e d  a t  the i n s i s t e n c e  of the 
opera t ing  personnel t o  provide g r e a t e r  r e l i a b i l i t y ,  more f l e x i b i l i t y  i n  d i r e c t  
comunica t ion  t o  i s o l a t e d  work crews, and t h e  c a p a b i l i t y  t o  i n t e r f a c e  with a  
publ ic-serv ice  network. I n  some mines, however, opera t ing  personnel have no 
i n t e r e s t  i n  communication f a c i l i t i e s  other  than using them t o  a s s i s t  i n  con- 
t r o l l i n g  veh ic l e  t r a f f i c .  
Federal ,  S t a t e ,  and company mine-safety inspectors  have t r a i n i n g  and 
experience i n  matters  of s t r u c t u r a l  s a f e t y  and sa fe  mine-operating procedures; 
i n  addi t ion ,  equipment has been developed t h a t  enables these  personnel t o  com- 
pare these  parameters wi th  a  common reference .  However, the  too l s  and exper i -  
ence requi red  f o r  per iodic  inspect ion  of communication i n s t a l l a t i o n s  a r e  not 
un ive r sa l ly  a v a i l a b l e .  To improve t h i s  s i t u a t i o n ,  desc r ip t ive  guidel ines  have 
3 ~ o n g ,  R .  G . ,  and J .  J. Ginty. Inves t iga t ion  of Communication Standards as  
Related t o  Coal Mines. BuMines Open F i l e  Rept. 5-75, 1973, 56 pp.;  a v a i l -  
ab le  f o r  re ference  a t  Bureau of Mines l i b r a r i e s  i n  Pi t t sburgh,  Pa . ,  Denver, 
Colo.,  Twin C i t i e s ,  Minn., Spokane, Wash., and Morgantown, W .  Va., and the  
Cent ra l  Library ,  U . S .  Department of the I n t e r i o r ,  Washington, D.C.; and 
from National Technical Information Service ,  Spr ingf i e ld ,  Va., PB 240 552. 
been developed t h a t  de f ine  procedures  and i n s t r u c t  personnel  i n  t h e i r  
a p p l i c a t i o n .  
Im~rovement  P o s s i b i l i t i e s  
The s u i t a b i l i t y  of t he  te lephone performance i s ,  t o  a  l a r g e  degree,  a  
q u a l i t a t i v e  judgment a t  p r e s e n t .  To change t h i s  s i t u a t i o n ,  t h e  fol lowing 
s t e p s  should be taken :  
Recognize t h a t  good communication c o n t r i b u t e s  t o  s a f e t y  and t o  t h e  eco-  
nomic produc t ion  of c o a l .  Within a  busy mine, t h e  a b i l i t y  t o  c o n t r o l  
v e h i c l e  t r a f f i c  improves p r o d u c t i v i t y  and promotes s a f e t y ,  a s  does t h e  
a b i l i t y  t o  c a l l  f i xed  s t a t i o n s  e a s i l y .  
Examine and d e f i n e  accep t ab l e  l e v e l s  of communication performance. Work 
t h a t  has  been done by groups such a s  t h e  te lephone companies on a n a l y s i s  
of parameters  t h a t  l i m i t  t h e  t r a n s f e r  of i n t e l l i g e n c e  i n  a l i e n  envi ron-  
ments can provide a  b a s i s  f o r  t h i s  examination. 
Provide t h e  i n s p e c t o r  and maintenance personnel  w i th  simple measurement 
a i d s  t o  enable  them t o  e v a l u a t e  a  communication system by comparing i t  
w i t h  p r e sc r ibed  performance l e v e l s .  
The minimum necessary  measurements a r e - -  
Persona l  judgment of f i d e l i t y  o r  c l a r i t y  of reproduc t ion . - -This  can  be 
re fe renced  t o  s tandard  r eco rd ings  taken  i n  t y p i c a l  i n s t a l l a t i o n s  t o  provide a  
b a s i s  of comparison of marg ina l ,  a ccep t ab l e ,  and nonacceptable  c o n d i t i o n s .  
Examination of these  s tandard  record ings  could be p a r t  of t he  t r a i n i n g  of t h e  
i n s p e c t o r s  and maintenance personnel .  
Measurement of  b a t t e r y  s t a t u s .  This  can be done w i th  s u i t a b l e  meters  
t h a t  measure v o l t a g e  under load and d i s p l a y  t h e  s t a t u s  of remaining c a p a c i t y .  
Measurement of t h e  s i g n a l - t o - n o i s e  r a t i o  of t he  aud ib l e  t ransmiss ion . - -  
This  can  be done w i t h  a  sound meter,  aga in  us ing  t r a i n i n g  and judgment t o  
determine t he  r e l a t i v e  e f f e c t  of t he  background n o i s e .  
I t  i s  ev iden t  t h a t  mine communication i s  becoming a  more important  f a c t o r  
i n  mine s a f e t y  a s  w e l l  a s  i n  day-to-day ope ra t i ons .  I n  f a c t ,  because cornrnuni- 
c a t i o n  equipment has become s o  widely used i n  day-to-day ope ra t i ons ,  ope ra t i ng  
personne l  have become dependent upon communication, and t h i s  becomes a  p a r t  of 
mine-safe ty  cons ide ra t i ons .  
GUIDELINES AND TEST EQUIPMENT 
I n s t r u c t i o n a l  Guide l ines  
Guide l ines  were developed t o  provide i n s t r u c t i o n  i n  some of  t he  funda- 
mental  a s p e c t s  of i n s t a l l a t i o n ,  maintenance, and i n s p e c t i o n  of underground 
c o a l  mine pager te lephones .  The gu ide l ines  w i l l  be published a s  a  Bureau of 
Mines handbook. 
Recommended p r a c t i c e s  
were descr ibed f o r  cable  
i n s t a l l a t i o n ,  s p l i c i n g ,  and 
c i r c u i t  p ro t ec t ion .  Line 
drawings a r e  included t o  
demonstrate key p r i n c i p l e s  
- and methods of performing 
314 lnch Wide Wrap Back 
Plastic Electrical Tape to  Start 
e l e c t r i c a l l y  and mechani- 
c a l l y  secure  s p l i c e s  
( f i g s .  2-3).  Representat ive 
cab le  connec tors ,  telephones 
p r o t e c t i v e  devices ,  and 
junc t ion  te rmina ls  a r e  
descr ibed .  
FIGURE 2. - Excerpt from guidelines showing recom- 
mended practice for cable splice. 
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The ope ra t ion  of t he  
te lephone and the  telephone 
system i s  descr ibed and 
i l l u s t r a t e d  wi th  l i n e  draw- 
ings  t o  show t h e  r e l a t i o n -  
s h i p  of opera t ing  func t ions ,  
switches,  and r e l a y s  during 
each of t he  sepa ra t e  modes 
of l i s t e n i n g ,  t a l k i n g ,  and 
paging ( f i g s .  4 -6 )  . 
Methods of t e s t i n g  and 
in spec t ing  t h e  pager phones 
a r e  descr ibed,  inc luding  how 
t o  t e s t  and judge t h e  oper-  
a t i o n a l  r ead ines s  of a  pager 
phone. For a  more s p e c i f i c  
judgment of pager -phone per  - 
formance, d e t a i l e d  i n s t r u c  - 
t i o n s  a r e  given on the use 
of bas i c  t e s t  equipment. 
A modified subsc r ibe r  
loop t e s t  s e t  ( f i g .  7 )  was 
manufactured f o r  the  Bureau 
by Northeast E lec t ron ic s  of 
Concord, N.H., t o  measure 
h \ \ \ \ \ \ l \ ' ~ \ \ ~ ' ~ \ ' i \ \ \ l ~ ~ ~ Y  c e r t a i n  b a s i c  phone opera-  t i o n s .  The s e t  w i l l  t e s t  
d i r e c t - c u r r e n t  vo l t ages  t o  
FIGURE 3; - Excerpt from guidelines showing recorn- verify battery level and 
mended practice for p igta i l  splice. paging s i g n a l ,  audio - s igna l  
l e v e l s  t o  measure t h e  audio 
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FIGURE 4. - Excerpt from guidel ines show- 
ing schematic of generalized 
two-w ire system. 
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FIGURE 5; - Excerpt from guidelines showing system in talking (A) and l istening (B) modes. 
output  of  t h e  t r a n s m i t t e r ,  the  audio l e v e l  on the  l i n e ,  s i g n a l  l o s ses  o r  
a t t e n u a t i o n ,  and l i n e  leakage t o  ground. 
An audio t e s t  tone  can be appl ied t o  t h e  l i n e  by a s p e c i a l l y  designed 
tone  genera tor  developed f o r  the  Bureau by Arthur D .  L i t t l e ,  Inc .  ( f i g .  8)  
t o  provide a  s tandard audio-s igna l  r e f e rence  f o r  telephone and system d iag -  
noses.  A s tandard tone s i g n a l  i s  u se fu l  i n  system diagnoses and i n  eva lua t ing  
system l o s s e s .  To avoid i n t e r f e r e n c e  of normal ope ra t ion  of the  pager phone 
during t e s t i n g ,  t h i s  tone genera tor  produces tone b u r s t s  f o r  10 seconds every 
30 seconds. An a d d i t i o n a l  c i r c u i t  was added t o  shu t  o f f  the tone during pag- 
ing  so  t h a t  t he  tone would not  be broadcas t  by the  paging speakers .  The tone 
source and switching c i r c u i t  a r e  included i n  a  s e l f - con ta ined ,  b a t t e r y -  
operated t e s t  s e t .  
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FIGURE 6. - Excerpt from guidel ines showing system in paging mode. 
Accep tab i l i t y  Guidelines 
Continuing i n  t h i s  program of developing i n s t r u c t i o n a l  information on 
pager-phone systems f o r  t he  use of opera t ing  personnel,  a  s e t  of g u i l d e l i n e s  
was developed t o  e s t a b l i s h  a  common reference  f o r  manufacturers,  i n spec to r s ,  
equipment-cer t i f ica t ion  personnel ,  and mine opera t ing  personnel t o  judge the  
a c c e p t a b i l i t y  of a  pager phone f o r  underground c o a l  mines. The guide l ines  
cover recommended design, cons t ruc t ion ,  and performance. With t h i s  common 
re fe rence ,  manufacturers can design and f a b r i c a t e  pager phones t o  meet a  known 
s tandard ,  and the  use r s  can judge a c c e p t a b i l i t y  by the  same re fe rence .  The 
gu ide l ines  inc lude  recommendations on e l e c t r i c a l  parameters,  cons t ruc t ion  
p r a c t i c e s ,  compa t ib i l i t y  wi th  o ther  equipment, i n t r i n s i c  s a f e t y ,  and 
p e r m i s s i b i l i t y .  
E l e c t r i c a l  parameters included a r e  the  paging funct ion ,  audio transmis - 
s i o n  and recept ion ,  loudspeaker volume, t h e  a b i l i t y  of t h e  telephone t o  
func t ion  with t y p i c a l  e l e c t r i c a l - n o i s e  l e v e l s ,  and the  r e l a t i v e  impact of 
power d r a i n  on b a t t e r y  s e l e c t i o n ,  l i f e ,  and replacement.  
Construct ion p r a c t i c e s  appl icable  t o  the  underground c o a l  mine environ-  
ment include recommendations f o r  ma te r i a l s  s e l e c t i o n ,  packaging methods, s e r -  
v i c e a b i l i t y  requirements,  and s e l e c t i o n  c r i t e r i a  f o r  components s u i t a b l e  f o r  
r e l i a b l e  opera t ion  underground. 
The telephone must funct ion  i n  the  presence of o the r  s igna l s  i n  such a  
manner t h a t  i t  w i l l  no t  i n t e r f e r e  wi th  t h e  t ransmission of these s i g n a l s  on 
the  telephone l i n e s .  Recommendations a r e  made t o  guard aga ins t  i n t e r f e rence  
or  degradat ion of the  telephone s i g n a l  or of t he  o ther  s i g n a l s  on the  t e l e -  
phone l i n e .  
FIGURE 7. - Modified subscriber loop test set; FIGURE 8, - Specially designed tone generator used to 
test audio tones. 
P r a c t i c e s  and procedures a r e  prescribed t o  in su re  t h a t  a  telephone can 
opera te  s a f e l y  w i t h i n  an underground c o a l  mine or i n  a  gassy a rea .  These pro- 
cedures a r e  described i n  app l i cab le  r egu la t ions ,  and they a r e  discussed i n  the  
gu ide l ines  wi th  a l t e r n a t i v e  procedures f o r  conforming t o  the  r egu la t ions .  
PROGRESS TO DATE 
These gu ide l ines  a r e  c u r r e n t l y  being reviewed by key indus t ry  personnel 
i n  a d d i t i o n  t o  review by the Bureau of Mines and MESA. They should be a v a i l -  
ab le  from the  National Technical Information Service (NTIS) during the  second 
qua r t e r  of 1977. 
VISUAL PAGING SYSTEM 
Harry Dobroski, J r  . ,' and John E . 
ABSTRACT 
Pager phones a r e  t he  primary method of communication i n  many mines. When 
an  audio page message i s  t r a n s m i t t e d ,  t he  person c a l l e d  may be o u t  of aud ib l e  
range ,  o r  t h e  paged message may no t  be understood because of ambient n o i s e .  A 
system has been developed under a Bureau of Mines c o n t r a c t  t h a t  p r e sen t s  a 
v i s u a l  i n d i c a t i o n  t h a t  a c a l l  i s  being he ld  f o r  a s p e c i f i c  person working i n  
t h e  mine. This  s i g n a l  c an  be l e f t  on view f o r  a prolonged per iod  without  
a d d i t i o n a l  power d r a i n .  Power d r a i n  occurs  on ly  during t h e  a c t u a l  time of 
s i g n a l i n g ,  and t h i s  power i s  suppl ied  by i n t e r n a l  b a t t e z i e s .  The v i s u a l  pag- 
ing  system ope ra t e s  over  t he  two-wire system of t h e  pager phone. 
Experimental  u n i t s  have been t e s t e d  a t  the  Bureau of Mines Sa fe ty  
Research Mine i n  Bruceton, P a . ,  and s m a l l e r ,  more advanced u n i t s  have been 
b u i l t  and a r e  scheduled f o r  t e s t i n g .  
INTRODUCTION 
Experience w i th  pager phones has  c l e a r l y  i n d i c a t e d  the  need f o r  a d d i -  
t i o n a l  methods of summoning mine personnel  t o  a te lephone.  Loudspeaking pager 
phones a r e  i n e f f e c t i v e  i n  a working a r e a  where t h e  ambient n o i s e  l e v e l  i s  h igh ,  
and when personnel  a r e  simply ou t  of  reach  of a t e lephone .  For t h i s  reason ,  a 
v i s u a l  paging system, w i th  a s t o r e d  message c a p a b i l i t y ,  has  been developed t o  
a l e r t  mine personnel  t o  c o n t a c t  t h e  d i s p a t c h e r .  
DISCUSSION OF SYSTEM 
To a l e r t  personne l  t o  a c a l l ,  t h e  v i s u a l  pager uses  an e a s i l y  recognized 
p a t t e r n  of s i g n a l s  ( f i g .  1 )  t h a t  can  be read  from a s  f a r  away a s  100 f e e t  o r  
more by t h e  l i g h t  from a miner ' s  cap lamp. The p a t t e r n  can  be of any t ype ,  
b u t  t h e  work t o  d a t e  has focused on a ma t r i x  of l e t t e r s  and numerals p resen ted  
s o  t h a t  s e l e c t e d  symbols appear  i n  a predetermined p o s i t i o n  on t h e  g r i d .  The 
code c a l l e d  i s  i d e n t i f i e d  by i t s  p o s i t i o n  w i t h i n  t h e  m a t r i x  a s  w e l l  a s  by t h e  
imprinted symbol on t h e  d i sp layed  d i s k .  
The v i s u a l  d i s p l a y  u n i t  ( f i g .  2 )  i s  about t h e  s i z e  of a pager phone, i s  
c o n t r o l l e d  by t h e  d i s p a t c h e r ,  and can  be opera ted  over t he  e x i s t i n g  pager-  
phone l i n e .  The system can  be put  i n t o  s e r v i c e  by simple two-wire connec t ions  
on t h e  pager-phone l i n e .  The s e l f - con t a ined  v i s u a l  d i s p l a y  u n i t  i s  powered by 
l ~ l e c t r i c a l  eng ineer ,  P i t t s b u r g h  Mining and S a f e t y  Research Cente r ,  Bureau of 
Mines, P i t t s b u r g h ,  Pa. 
" ~ l e c t r o n i c  systems s e c t i o n ,  Ar thur  D .  L i t t l e ,  I n c . ,  Cambridge, Mass. 
Pager-phone 
line 
FIGURE 1. - Visual pager display. FIGURE 2. - Visual pager system network, 
a  12-vol t  l a n t e r n  b a t t e r y  of t h e  type normally used i n  a  pager phone. Power 
consumption i s  low and t h e  s e r v i c e  l i f e  of t he  b a t t e r y  exceeds t h a t  of one 
i n s t a l l e d  i n  a  t y p i c a l  pager phone. 
In  ope ra t ion ,  a  coded s i g n a l  i s  generated a t  the d i s p a t c h e r ' s  l o c a t i o n  by 
depressing a  s e r i e s  of pushbuttons or keys on the  console  ( f i g .  3 ) .  To p lace  
a  page, the d i spa t che r  f i r s t  p re s ses  the  "Post" but ton.  This  a c t i o n  puts  a  
d i r e c t - c u r r e n t  v o l t a g e  on the  l i n e ,  which a c t i v a t e s  t he  v i s u a l  d i s p l a y  c i r c u i t  
and energ izes  t he  page c i r c u i t  a t  each pager phone. He/she next  depresses  t he  
key (or  keys) t o  i d e n t i f y  t h e  person(s )  being c a l l e d .  The console  sends a  
coded s i g n a l  t o  a l l  v i s u a l  pagers  t o  d i s p l a y  t h e  app ropr i a t e  symbol. The d i s -  
played symbol remains i n  view u n t i l  t he  d i spa t che r  p re s ses  a  ' 'Clear" but ton .  
The s i g n a l  t r ansmi t t ed  t o  t he  v i s u a l  pager by the  console  i s  a  two-tone 
p a i r  of t he  type used i n  touch-tone te lephones.  J u s t  p r i o r  t o  sending the  
s i g n a l  tones ,  t h e  d i r e c t - c u r r e n t  vo l t age  i s  put  on the  pager-phone l i n e s .  
This  vo l t age  a c t i v a t e s  a l l  pager phones f o r  a  few seconds and a l s o  a c t i v a t e s  
t h e  v isua l -pager  c i r c u i t r y .  When the tones t h a t  s e l e c t  the  v i sua l -d i sp l ay  
symbols a r e  t ransmi t ted ,  t he  pager phones broadcast  the tone  s i g n a l .  This  
s i g n a l  a l e r t s  personnel  w i t h i n  hearing d i s t a n c e  t h a t  a  c a l l  i s  being made. A 
quick look a t  a  nearby v i s u a l  pager shows t h e  viewer who i s  being contac ted .  
When a  s i g n a l  has  been d isp layed  f o r  about 10 minutes,  a lamp on the  
FIGURE 3. - Dispatcheras console. 
d i s p a t c h e r ' s  p a n e l  f l a s h e s  t o  remind him/her t h a t  t h e  c a l l  has n o t  been 
answcred and t h a t  he / she  should t r y  t o  c o n t a c t  t h e  d e s i r e d  p e r s o n  by o t h e r  
means. 
The d i s p l a y  u n i t  ( f i g .  4 )  a c t i v a t e d  by t h e  c o n s o l e  c o n s i s t s  o f  d i s k s  on 
which t h e  code numbers and l e t t e r s  a r e  i m p r i n t e d ,  and t h e  e l e c t r o n i c s  r e q u i r e d  
t o  r c ~ c e i v c  and decode t h e  number o r  l e t t e r  f o r  d i s p l a y .  These d i s k s  c a n  be 
grouped i n t o  f o u r  q u a d r a n t s ,  which a r e  d i v i d e d  by r e f l e c t i v e  axes .  The s i d e  
o f  t h e  d i s k  normal ly  i n  view i s  b l a n k ;  t h e  o t h e r  s i d e  i s  brought  i n t o  view 
o n l y  on command and i s  impr in ted  w i t h  a  number o r  l e t t e r  of a  r e f l e c t i v e  mate- 
r i a l .  When a page i s  p o s t e d ,  t h e  d i s k  r o t a t e s  s o  t h a t  t h e  s i d e  w i t h  t h e  sym- 
b o l  i s  d i s p l a y e d .  When t h e  page i s  c l e a r e d ,  t h e  d i s k  r o t a t e s  t o  i t s  normal 
p o s i t i o n  w i t h  t h e  b lank  s i d e  i n  view. 
The r e f l e c t i v e  m a t e r i a l  ( f i g .  5 )  i s  w e l l  s u i t e d  f o r  u s e  i n  a  mine. S ince  
l i g h t  i s  r e f l e c t e d  i n  t h e  d i r e c t i o n  of i t s  source ,  t h e  d i s p l a y  can  be r e a d  
over  a  broad viewing a n g l e  by t h e  beam from a  cap lamp w i t h o u t  a d d i t i o n a l  
i l l u m i n a t i o n .  The l e t t e r s  o r  numbers may be i n d i v i d u a l l y  ass igned  t o  
FIGURE 4, - Visual-pager display system FIGURE 5; - Reflective d i s k  material is 
showing reflective d i s k s ;  well suited for mine use. 
personnel  by name o r  by job func t ion ,  o r  t h e  symbols may des igna te  a s p e c i f i c  
preassigned message. 
PROGRESS TO DATE 
The present  d i s p l a y  u n i t  prototype i s  t o t a l l y  se l f -conta ined ,  and has 
i n t e g r a l  decoder and d r i v e r  e l e c t r o n i c s ,  i n  a d d i t i o n  t o  a  power supply and 
d r y - c e l l  b a t t e r y .  This  assembly evolved from a  previous engineering model, 
housed i n  two in te rconnected  assemblies ( f i g .  2 ) .  Addi t iona l  space was needed 
i n  t he  o r i g i n a l  u n i t  t o  accommodate rechargeable b a t t e r i e s ,  power supp l i e s ,  
and f i x t u r e s  provided f o r  d i s p l a y  i l l umina t ion .  Experience wi th  t h e  d i s p l a y  
during mine t e s t s  ( f i g .  6) has proven t h a t  the  b e s t  v i s i b i l i t y  i s  obtained by 
employing t h e  miner ' s  own cap lamp a s  t h e  l i g h t  source t o  i l l umina te  t he  
r e f l e c t i v e  d i s p l a y  symbols, without  added i l l umina t ion .  The prototype weighs 
l e s s ,  i s  much more compact, and i s  a s  simple t o  i n s t a l l  a s  a  pager phone 
( f i g .  7 ) .  
FIGURE 6 ;  - V isua l  pager being tested in mine. 
The d i s p l a y  prototype 
was designed t o  be l a r g e  
enough t o  accommodate an 
e n t i r e  mine r o s t e r ,  wi th  t he  
exac t  number of d i s p l a y  e l e -  
ments s e l e c t e d  a s  a  t radeoff  
between d i s p l a y  v i s i b i l i t y  
and phys i ca l  s i z e  ( f i g .  8 ) .  
Displays can  be deployed a t  
random along a  pager l i n e  
because they ope ra t e  i n  
unison. The disadvantage of 
t h i s  approach i s  t h a t  t h e  
r o s t e r  s i z e  u sua l ly  provides 
more informat ion  than i s  
necessary  i n  any one loca-  
t i o n .  A r o s t e r  of e i g h t  o r  
perhaps four  d i s k s ,  o r  even 
a  s i n g l e  d i s k ,  would permit 
a  r e l a t i v e l y  small ,  compact 
d i s p l a y  ( f i g s .  9-10).  How- 
ever ,  t o  s e rve  more than  a  
FIGURE 7. - Current model of  self-contained visual dis- s i n g l e  working sec t ion ,  the  
play, receiver, and battery. d i spa t che r  's  console  must 
have a  s e l e c t i v e  zone- 
paging c a p a b i l i t y .  Se l ec -  
t i v e  zone paging would g ive  the  d i spa t che r  i n d i v i d u a l  c o n t r o l  over each 
d i sp l ay ,  r a t h e r  than  simultaneous c o n t r o l  of a l l  d i sp l ays  opera t ing  i n  unison. 
The Bureau of Mines i s  c u r r e n t l y  cons ider ing  a  program t h a t  would add zone 
paging t o  t he  v i s u a l  pager system. 
FIGURE 8. - V isua l  pager viewed from a distance. 
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FIGURE 9;  - Single-line zone-pager display. 
FIGURE 10. - Sing le-unit zone-pager 
display. 
CALL -ALERT PAGING FOR PAGER -PHONE SYSTEMS 
by 
Harry Dobroski, Jr . ,' S t u a r t  J .  Lipof f  ," and John E . ~ r o m b l ~ ~  
AB S  TRACT 
The pager-phone system can be upgraded or  expanded by adding a  v i s u a l  
paging system. To f u r t h e r  expand the  c a p a b i l i t y  of  t h i s  system, a  r a d i o  l i n k  
f o r  s e l e c t i v e  paging t o  key personnel  i s  under development by the  Bureau of 
Mines. In  one ve r s ion ,  an ul t ra low-frequency r a d i o  t r a n s m i t t e r  and antenna 
a r e  added t o  each v i s u a l  pager u n i t .  Key personnel  c a r r y  a  smal l  r a d i o  
r e c e i v e r  t h a t  w i l l  provide both v i s i b l e  and aud ib l e  i n d i c a t i o n  of a  page s i g -  
n a l .  When t h e  d i spa t che r  e n t e r s  a  page s i g n a l  i n t o  t h e  v i s u a l  paging system, 
t h e  t r a n s m i t t e r  b roadcas t s  a  s i g n a l  t o  the  c a l l e d  p a r t y  i n  a d d i t i o n  t o  t h e  
v i s u a l  d i s p l a y .  This system i s  c u r r e n t l y  under development and i s  scheduled 
t o  be demonstrated dur ing  1977. A f u r t h e r  ref inement  of t h i s  system w i l l  
a l low ope ra t i on  of t h e  r a d i o  c a l l  a l e r t  a s  p a r t  of t h e  bas i c  pager-phone sys -  
tem wi thout  t he  v i s u a l  pager .  
INTRODUCTION 
Ind iv idua l  r a d i o  r e c e i v e r s  w i th  s e l ec t i ve -code -ca l l i ng  f e a t u r e s  a r e  
a v a i l a b l e  i n  a  v a r i e t y  of a p p l i c a t i o n s .  As noted i n  e a r l i e r  papers ,  c e r t a i n  
of t he se  systems have been adopted f o r  use i n  underground c o a l  mines.  The 
c a l l - a l e r t  paging a s soc i a t ed  w i th  t he  computer-control led MCM-101 te lephone 
system i s  designed t o  provide s e l e c t i v e  c a l l i n g  of key personnel  i n  remote 
l o c a t i o n s .  By adding small  r a d i o  t r a n s m i t t e r s  t o  r e c e n t l y  developed v i s u a l  
pagers ,  remote s e l e c t i v e  r a d i o  c a l l i n g  can a l s o  be implemented r e l i a b l y  over 
two-wire mine pager-phone systems. A 3-kHz, d i f f e r e n t i a l - p h a s e ,  sh i f t -keyed  
s i g n a l  i s  used wi th  a  p a r i t y  b i t  t o  minimize f a l s e  a larms.  The codes used a r e  
t he  same s i g n a l s  used t o  ope ra t e  t h e  v i sua l -page r  system. 
DISCUSSION OF SYSTEM 
Arthur  D .  L i t t l e ,  I n c . ,  i s  developing a  s e l f  -contained,  c a l l - a l e r t  r a d i o  
paging system. This system i s  designed a s  a  low-cost modular a d d i t i o n  t o  t h e  
v i s u a l  pager equipment i n  underground c o a l  mines t h a t  have a  two-wire audio 
paging te lephone system. Another system t h a t  w i l l  ope ra t e  independent ly  of 
t h e  v i s u a l  pager system i s  a l s o  under cons ide ra t i on .  A diagram of the v i s u a l  
pager system i s  shown i n  f i g u r e  1. The c a l l - a l e r t  system can be added t o  t h e  
v i s u a l  pager ( f i g .  2 ) ,  o r  i t  can be i n s t a l l e d  a s  a  completely s e p a r a t e  system. 
l ~ l e c t r i c a l  engineer ,  P i t t sbu rgh  Mining and Sa fe ty  Research Center ,  Bureau of 
Mines, P i t t s b u r g h ,  Pa. 
" ~ l e c t r o n i c  systems s e c t i o n ,  Arthur  D .  L i t t l e ,  I n c . ,  Cambridge, Mass. 

Visual Pager and Pager- 
Phone Operations 
The v i s u a l  pager i s  
designed a s  a low-cost, 
modular supplement t o  a l e r t  
mine personnel  i n  high-noise 
mining opera t ions  where a nor -  
mal audio page cannot be 
heard.  The d i spa t che r  on the  
sur face  chooses 1 of 15 key 
sequences on the  v i s u a l  
pager console t o  a l e r t  a 
s p e c i f i c  miner. The console  
puts  an  audio tone p a i r  on 
the  pager -phone l i n e s .  
Wherever a v i sua l -pager  
module has been c l ipped  t o  
the ~ a g e r     hone l i n e s .  the  
' "  L - 
FIGURE 3. - Visual-pager display. audio tone p a i r  t r i g g e r s  t h e  
des i r ed  alphanumeric cha r -  
a c t e r  i n  t h e  v i s u a l  pager 
d i s p l a y  ( f i g .  3 ) .  The cha rac t e r s  appear a s  h ighly  r e f l e c t i v e  l e t t e r s  o r  num- 
be r s  on the d i s k ,  and any miner can read  the  symbols by the  l i g h t  from h i s  cap 
lamp. 
Fixed-wire paging systems a r e  l imi t ed  i n  some underground mine app l i ca -  
t i o n s  because of f i xed  pager-phone l o c a t i o n s .  Audio paging must be i n t e l l i -  
g i b l e  t o  convey information,  so the a r e a  wi th in  which a c a l l  can  be understood 
can  be l imi t ed  by g a l l e r y  acous t i c s ,no i se  l e v e l s ,  a v a i l a b l e  ampl i f i e r  power, 
and speaker  d i s t o r t i o n .  Although v i s u a l  paging systems a r e  we l l  s u i t e d  t o  
high-noise environments, they  can  be l imi t ed  by poor v i s i b i l i t y  and must be 
w i t h i n  a mine r ' s  l i n e  of s i g h t .  To improve underground communication systems 
wi th  a minimum of added c o s t  and equipment, an ul t ralow-frequency (ULF) r a d i o  
paging system has been designed.  
' a l l - A l e r t  System 
The c a l l - a l e r t  system i s  compatible wi th  present  two-wire underground 
pager-phone systems and t h e  new v i s u a l  pager system. I t  can a l e r t  any one o r  
a l l  of the  radio-receiver-equipped personnel  i n  a p a r t i c u l a r  mine a rea .  Each 
r ece ive r  i s  capable of decoding two s i g n a l s :  One s i g n a l  i s  unique t o  each 
r e c e i v e r ;  the  o the r  pages a l l  r e c e i v e r s  s imultaneously.  
To t r i g g e r  the  ULF 3-kHz r a d i o  t r a n s m i t t e r  a t  t h e  d i s p a t c h e r ' s  console ,  
t he  c a l l - a l e r t  system i s  designed t o  use the same audio tone p a i r s  f o r  s i g n a l -  
ing  over t h e  pager-phone l i n e  a s  used by t h e  v i s u a l  paging system. The t r a n s -  
m i t t e r  antenna c o n s i s t s  of a s i n g l e  loop of wi re  wrapped around the  n e a r e s t  
p i l l a r .  The system i s  designed f o r  use where mine personnel  may be working 
o u t s i d e  t h e  range of both the  audio and v i s u a l  paging systems. Any personnel 
who must work i n  such a r e a s  can  c a r r y  a small ,  l igh tweight ,  ba t te ry-opera ted  
,- Control switch r a d i o  paging r ece ive r  
( f i g .  4)  t h a t  w i l l  produce 
both aud ib l e  beeps and v i s -  
i b l e  l i gh ted  s i g n a l s  i n  
response t o  t h e  keyed two- 
tone code s e n t  from the  s u r -  
f ace  console  by the  
d i spa t che r .  
The ULF r a d i o  t r a n s -  
m i t t e r s  use d i f f e r e n t i a l  
Audible alarm panel -' phase - sh i f t  keying modula- 
t i o n  t o  maximize t h e  s e n s i -  
t i v i t y  of t he  pocket 
r e c e i v e r s ,  and inc lude  a 
p a r i t y  check b i t  i n  each 
a c a r  t r ansmi t t ed  code t o  minimize 
Connection f a l s e  alarms.  The b a s i c  
c a l l - a l e r t  system was 
designed a s  a low-cost, 
modular a d d i t i o n  t o  a v i s u a l  
pager system. No a d d i t i o n a l  
hardware i s  requi red  a t  t he  
d i spa t che r  's console ,  and 
the  i n  -mine ULF t r a n s m i t t e r  
FIGURE 4. - Call-alert receiver, showing controls; u n i t s  a r e  easy  t o  i n s t a l l .  
The r a d i o  t r a n s m i t t e r -  
r e c e i v e r  u n i t s  a r e  designed s o  t h a t  t h e  same 15 paging codes needed f o r  t h e  
v i s u a l  pager may be used without  i n t e r f e r e n c e  o r  c o n f l i c t  i n  o t h e r  s e c t i o n s  of 
the  same mine. For independent i n s t a l l a t i o n s ,  t he  same d i s p a t c h e r ' s  console  
used f o r  the  v i s u a l  pager i s  r equ i r ed  on the  su r f ace .  Underground, t he  
ba t te ry-opera ted  c a l l - a l e r t  t r a n s m i t t e r s  can be connected t o  t h e  two-wire 
pager-phone l i n e  a t  convenient  l oca t ions ,  and t h e  a s soc i a t ed  antennas 
i n s t a l l e d  around nearby c o a l  p i l l a r s .  
I n  ope ra t ion ,  t he  d i spa t che r  keys a p a r t i c u l a r  page but ton,  which sends a 
two-tone audio  p a i r  a long t h e  pager-phone's two-wire c i r c u i t .  The two audio 
tones cause any v i s u a l  pagers on t h e  l i n e  t o  d i s p l a y  an  alphanumeric c h a r a c t e r  
and cause t h e  c a l l - a l e r t  r a d i o  t r a n s m i t t e r  t o  send a coded s i g n a l  f i v e  t imes.  
The r e c e i v e r  responds t o  i t s  unique code (or  t he  gene ra l  s i g n a l )  wi th  both a n  
audio alarm (buzzer)  and v i s u a l  s i g n a l  ( l i g h t ) .  Each time a r e c e i v e r  i s  
turned  on, both t h e  audib le  and v i s i b l e  alarms go on, a s  a check of both 
b a t t e r y  cond i t i on  and alarm opera t ion .  The on-off t e s t  switch can  be recyc led  
a t  any time t o  t e s t  t he  alarms. A r e s e t  bu t ton  i s  p r w i d e d  t o  t u r n  o f f  t he  
alarms . 
The pocket-s ized r e c e i v e r  i s  powered by rechargeable  b a t t e r i e s  t h a t  can 
ope ra t e  t h e  r e c e i v e r  cont inuously f o r  up t o  16 hours (two s h i f t s )  be fo re  
r e q u i r i n g  an  8-hour recharg ing  cyc le .  The r a d i o  t r a n s m i t t e r s  a r e  powered by 
se l f -conta ined  b a t t e r i e s .  
By supplementing audio and v i s u a l  paging systems wi th  a r ad io - t r ansmi t t ed  
c a l l  a l e r t ,  personnel  response t o  pages should be g r e a t l y  improved, and mine 
s a f e t y  should be enhanced by the  a b i l i t y  of aboveground d i spa t che r s  t o  provide 
r a p i d  and e a r l y  warning of s a f e t y  hazards  or  broadcast  evacua t ion  a l e r t s  t o  
a l l  underground personnel .  
PROGRESS TO DATE 
The v i s u a l  pager i s  c u r r e n t l y  undergoing f i e l d  t r i a l s .  The e l e c t r o n i c  
components of t he  c a l l - a l e r t  system a r e  undergoing l abo ra to ry  t e s t s ,  and f i e l d  
t r i a l s  a r e  expected t o  begin i n  mid-1977. The complete c a l l - a l e r t  des ign  
package should be a v a i l a b l e  e a r l y  i n  1978. 
RADIO PAGING 
by 
Harry Dobroski, Jr. ' 
ABSTRACT 
I t  i s  necessary t o  page key opera t ions  personnel  i n  underground c o a l  
mines r e l i a b l y  and s e l e c t i v e l y .  A system of commercially a v a i l a b l e  hardware 
developed by the  Bureau allows a  d i spa t che r  t o  voice-page s e l e c t e d  i n d i v i d u a l s ,  
d e l i v e r  s h o r t  messages, o r  inform them where t o  go t o  r e c e i v e  d e t a i l e d  
i n s t r u c t i o n s  . 
INTRODUCTION 
A modern c o a l  mine i s  a  v a s t  underground complex of working s e c t i o n s ,  
haulageways, and r e p a i r  shops,  which extends f o r  s e v e r a l  square mi les  under- 
ground. Key personnel  may no t  work i n  f i xed  l o c a t i o n s ;  f o r  i n s t a n c e ,  a  s ec -  
t i o n  foreman may be assigned t o  a  s i n g l e  s e c t i o n ,  b u t  t h a t  s e c t i o n  could 
embrace a  v a s t  a r e a ,  o r  maintenance personnel  o r  e l e c t r i c i a n s  could be any- 
where i n  t he  mine a t  any time. Because such personnel  a r e  important  t o  t h e  
smooth ope ra t i on  and high p r o d u c t i v i t y  of a  mine, cons iderab le  product ion 
l o s s e s  could occur i f  they cannot  be loca ted  when they a r e  needed. 
The communication system i n  most mines c o n s i s t s  of pager phones, c a r r i e r  
phones, or  bo th .  Although these  systems a r e  r e l i a b l e ,  they do no t  provide f o r  
communicating wi th  rov ing  personnel .  I n  f a c t ,  they a r e  simply s t a t i o n - t o -  
s t a t i o n  devices .  I f  a  person being paged i s  no t  w i t h i n  hear ing range of t h e  
speakers  on these  phones, he/she w i l l  no t  g e t  t h e  message. Thus, cons iderab le  
time may be l o s t  i n  t r y i n g  t o  l o c a t e  an i n d i v i d u a l  j u s t  ou t  of range of a  
phone, o r  maybe thousands of f e e t  from a phone. C l e a r l y ,  a  system i s  needed 
t h a t  can  page s e l e c t e d  i n d i v i d u a l s  wherever they  may be i n  an  underground 
complex. 
DISCUSSION OF SYSTEM 
System C h a r a c t e r i s t i c s  
I n  a  mine t h a t  uses  r a i l  haulage,  t h e r e  i s  u s u a l l y  a  c a r r i e r  phone i n  
each locomotive or  j eep .  These c a r r i e r  phones al low the v e h i c l e  ope ra to r s  t o  
communicate w i th  each o t h e r  and wi th  a  d i spa t che r  who c o n t r o l s  t h e  flow of 
t r a f f i c .  The t r o l l e y  l i n e  i t s e l f  i s  the  communication l i n k  between a l l  t he  
v e h i c l e s  and the  d i s p a t c h e r .  
1 E l e c t r i c a l  engineer ,  P i t t s b u r g h  Mining and Sa fe ty  Research Center ,  Bureau of 
Mines, P i t t s b u r g h ,  Pa.  
However, communication i s  not  l imi ted  t o  phones connected t o  the t r o l l e y  
l i n e .  I f  one c a r r i e r  phone were connected t o  a  t r o l l e y  l i n e  and another  t o  
t he  phone l i n e ,  good communication would be poss ib l e  even i f  t h e r e  were no 
connect ion between the  two l i n e s ;  t h i s  i s  known a s  c a r r i e r - c u r r e n t  comrnunica- 
t i o n .  Even a  s i n g l e  wire  s t rung  down an e n t r y  and connected t o  a  c a r r i e r  
phone would make i t  poss ib l e  f o r  the c a r r i e r  phone t o  communicate w i th  o the r  
phones on the t r o l l e y  l i n e ,  such as  one loca ted  i n  a  locomotive. The p o i n t  i s  
t h a t  i f  a  c a r r i e r - c u r r e n t  s i g n a l  i s  imnressed on any mine w i r i n g - - t r o l l e y  l i n e ,  
phone l i n e ,  7,200-volt ,  a l t e r n a t i n g - c u r r e n t  l i n e ,  o r  s i n g l e  purpose 
("dedicated") l i n e - - t h a t  l i n e  w i l l  f unc t ion  a s  a  long- l ine  antenna, broadcast-  
ing  the s i g n a l  i n t o  the mine where i t  can be received by s p e c i a l  pocket r a d i o  
pagers ( f i g .  1 ) .  The s i g n a l  can a l s o  be received by o the r  wi res  i n  the mine 
and rebroadcas t  such t h a t  wherever t h e r e  i s  any s o r t  of mine wir ing ,  t he re  i s  
a  s i g n a l .  
This  proper ty  of c a r r i 2 r - c u r r e n t  s i g n a l s - - t h a t  they can be aided by any 
s o r t  of mine wiring--made i t  p o s s i b l e  t o  develop a  genera l  r a d i o  paging system 
f o r  the e n t i r e  mine. Figure 2  i s  a  block diagram of a  genera l  r a d i o  paging 
system based on c a r r i e r - c u r r e n t  techniques.  A c a r r i e r  phone, loca ted  a t  some 
c e n t r a l  l o c a t i o n  such a s  a  d i s p a t c h e r ' s  room, i s  equipped wi th  a  small  
pushbutton-encoder u n i t .  This u n i t  causes t h e  c a r r i e r  phone t o  t r ansmi t  s h o r t  
Does not turn 
on 2 
Trolley line 
. - ' - - 
Selective paging 
signals to pager 1 
Carrier 
phone 
Beep plus \ 
\ 
voice - Manual Pocket pager 
message 
push button / 1 turns on 
encoded / 
Dispatcher's office 
FIGURE 2. - Block diagram of general radio-paging system. 
tone b u r s t s  whose frequency depends on which pushbutton was a c t i v a t e d .  These 
tone bur s t s  a r e  t ransmit ted from the c a r r i e r  phone i n  exac t ly  the  same way 
t h a t  a voice  s igna l  would be s e n t  ou t .  A s  explained before ,  a l l  the  mine w i r -  
ing a c t s  a s  an antenna, allowing these tones t o  be broadcast throughout the  
mine. 
The pocket r ece ive r s  t h a t  have been developed t o  respond t o  these tones 
a r e  r e a l l y  small FM r a d i o   receiver^.^ They a r e  ac t iva ted  by the  tones,  and 
remain on f o r  about 15 seconds. 
Once the tones have been sen t ,  t he  d ispatcher  then t a l k s  i n t o  h i s  c a r r i e r  
phone i n  the  usual  manner. Only the pocket pager ac t iva ted  by the  tones w i l l  
rece ive  t h e  message. Hence, the d ispatcher  can radio-page any indiv idual ,  no 
matter  where t h a t  indiv idual  i s  i n  the  mine. I n  an emergency, a spec ia l  tone 
a c t i v a t e s  a l l  pagers a t  once. Of course,  the  r a d i o  pager i s  a r ece ive r  only 
and cannot be used t o  t a l k  back t o  the  d ispatcher .  Therefore, the  system 
should be used only f o r  paging, not  fo r  giving i n s t r u c t i o n s .  
O ~ e r a t i o n  of Svstem 
The cu r ren t  system ( f i g .  2) i s  designed s o  t h a t  only the  dispatcher  can 
i n i t i a t e  a page, because he/she i s  the  only one who has a c a r r i e r  phone 
equipped with an encoder. However, o ther  encoders could be used wi th  o the r  
c a r r i e r  phones, i f  necessary.  Figure 3 shows a system i n  which the  encoder 
i s  remotely accessed by a d i a l  telephone l i n e .  Thus, any d i a l  telephone 
'spencer,  R .  H . ,  and H .  E .  Parkinson. Roving Miner Pager. Proceedings of 
Bureau of Mines Technology Transfer  Seminar on Mine Communications, Bruce- 
ton ,  Pa.,  Mar. 21-22, 1973, BuMines I C  8635, 1974, pp. 17-35. 
Controlledby as soc i a t ed  w i th  t h e m i n e  
telephones switchboard (PBX)  could be 
v 
, used t o  i n i t i a t e  a  page 
voice  message. 
FIGURE 3. - B l o c k  diagram o f  sys tem w i t h  remotely 
I/'/////// ' / / / / I  
accessed encoder, E x i s t i n g  pager 
=+g- . .  
/'//I- a t e  t h e  system, a  u s e r  goes 
r e c e i v e r s  a r e  equipped wi th  
a  small  i n t e r n a l  t imer  t h a t  
Automatic 
encoder 
t u r n s  t h e  device of f  a f t e r  a  p r e se l ec t ed  t ime,  u sua l ly  15 seconds. Any vo ice  
wi thout  ever  being near  the  
encoder.  Such a  system 
o f f e r s  an advantage should 
many people have t o  page 
- -- 
Telephones in mine ,' i n t o  t h e  mine from s e v e r a l  
t o  a  te lephone and d i a l s  t h e  
message l a s t i n g  longer  than  t h i s  i s  c u t  o f f  un less  an ove r r ide  bu t ton  on the  
PBX 
surface buildings Surf ace 
Underground 
pager i s  depressed t o  hold t h e  c a l l .  
su r f ace  l o c a t i o n s .  To oper - 
A cont inuous "On" mode i s  no t  d e s i r a b l e  because i t  wastes  b a t t e r y  power. 
That i s  why t h e  pagers a r e  equipped wi th  the  automatic t iming device .  I n  t h i s  
mode, b a t t e r i e s  l a s t  f o r  months. However, t h e r e  a r e  t imes when t h e  cont inuous 
"On" mode i s  u s e f u l ;  f o r  example, when cont inuous monitoring of t he  r a d i o  pag- 
i n g  system i s  important  t o  c e r t a i n  maintenance personnel .  
_I te lephone d i a l  pu lses  i n t o  
Trolley line 
---- 
tones  and t r ansmi t s  them v i a  y, /t/ t h e  c a r r i e r  phone. The tones t u r n  on t h e  des i r ed  pager ,  a t  which time t h e  
u s e r  can speak i n t o  t h e  
Pagers mouthpiece t o  d e l i v e r  t he  
Carrier phone 
The r a d i o  paging system can be operated on a  s p e c i a l  channel ,  o r  on t he  
r e g u l a r  channel used by t h e  locomotives.  The only d i f f e r e n c e  i s  t h a t  i f  
every th ing  i s  included on t h e  same r e g u l a r  channel ,  a l l  the  c a r r i e r  phones 
w i l l  hear  t h e  paging t r a f f i c ,  bu t  the  pagers  w i l l  hear  only what i s  s e n t  t o  
them d i r e c t l y .  
number assigned t o  t he  pager 
he/she wishes t o  c a l l .  Then, 
t h e  encoder conver t s  the  
I n  s p i t e  of the  l a r g e  amount of mine wi r ing  t h a t  a i d s  paging-s igna l  prop- 
aga t ion ,  i t  may s t i l l  be impossible  t o  t r ansmi t  a  paging s i g n a l  t o  c e r t a i n  
a r e a s  i n  t he  mine. When t h i s  occurs ,  t h e  mine overburden can o f t e n  be used a s  
a  l a r g e  antenna t o  a i d  t h e  s i g n a l  i n  reaching  these  a r e a s  ( f i g .  4 ) .  However, 
t h i s  scheme i s  somewhat complicated compared wi th  t h e  o t h e r  paging schemes, 
a l though i t  provides  good l o c a l  coverage. 
From manual or automatic 
encoder system 
PROGRESS TO DATE 
Trolley line 1 A r ad io  paging system 
Pocket pagers 
- ---- 
- -  - - 
(Gives haulageway coverage) t h a t  incorporates  the  auto-  
(Gives remote coverage) o/ matic encoder system ( f i g .  3)  
I Pocket pager and the roof-bol t  system 
I ( f i g .  4 )  i s  i n  opera t ion  i n  
I the Bureau of Mines Safety 
connected t o  the  c a r r i e r  
phone by No. 12 wire .  With 
Roofbolts Carrier 
phone 
repeater 
L 
FIGURE 4. - B lock  diagram of  system using roof-bolt- t h i s  system, paging can be 
type antenna; e f fec ted  from a s  f a r  away as 
500 f e e t  from a roof b o l t .  
A l l  hardware i s  commercially ava i l ab le  from the National Mine Service Co. 
Research Mine near Bruceton, 
Pa. The automatic encoder 
and c a r r i e r  phone a re  
Several  pagers ( f i g .  5)  were loaned t o  the  Robena mine of United S ta t e s  
S t e e l  Corp. fo r  informal evaluat ion.  Although no encoder was pruvided, the  
mine made exce l l en t  use of the pagers.  By taping the "On" button down, the 
I located on the  sur face ;  a l l  e l s e  i s  underground. The 
in-mine roof b o l t s  a r e  sepa- 
r a t e d  by about 300 f e e t  and 
mine superintendent  used the pager t o  monitor a l l  carr ier-phone t r a f f i c  from 
dispatcher  t o  locomotives and jeeps, and exce l l en t  pager coverage r e s u l t e d  i n  
a l l  a reas  of the  mine of reasonable d i s t ance .  It appears t h a t  i f  a mine con- 
ta ined  only a s ing le  wire (say,  the  t r o l l e y  l i n e  with no branches) ,  pages 
could be received seve ra l  hundred f e e t  from t h i s  l i n e .  Other l i n e s ,  such as  
phone l i n e s ,  c o n t r o l  l i n e s ,  and the l i k e ,  e i t h e r  p a r a l l e l  t o  o r  across  the  
t r o l l e y  l i n e ,  would simply improve the  coverage t h a t  much more. 
Regular haulageway communications (88 kHz) 
/ r -  Pocket pager - 1-7- 
Locomotives 4 Jeeps 
Supervisory and maintenance 
personnel monitoring all 
haulageway communications 
FIGURE 5, - Robena experiment. 
APPENDIX. - -COMMUNICATION REPORTS 
The following is a list of reports available in the area of communica- 
tions. These reports may be obtained from the National Technical Information 
Service (NTIS), U.S. Department of Commerce, Springfield, Va. 22161. Micro- 
fiche copies are $2.25 each, and paper copies are available at the prices 
indicated. 
Company name NTIS No. NTIS price Title 
Wes tinghouse Coal Mine Rescue and Survival 
PB 208 266 $5.50 V. 1--Survival Subsystem 
PB 208 267 9.00 V. 2--Communications/Location 
Subsystem 
PB 208 268 9.00 V. 3 --Rescue Subsys tem 
J. H. Crary PB 213 204 9.00 Determination of the Electromag- 
netic Environment 
A. D.Little PB218688 4.00 A Field Program and Instrumentation 
System for EM Noise Measurements 
A. D. Little PB 218 658 4.50 Assessment of EM Noise Measurements 
Taken by Bureau of Mines 
Contractors 
Westinghouse PB 226 600/AS 5.50 EM Location System Prototype and 
Georesearch Communication Station Modification 
West Virginia PB 225 862/AS 6.00 Analysis of Communication Sys tems 
University 
National Bureau PB 226 773/AS 4.00 Survey Report of the USBM EM Noise 
of Standards Measurement Program 
National Bureau PB 226 781/AS 3.50 Applicability of Speech Bandwidth 
of Standards Compression Techniques in Mine EM 
Communications 
Colorado School PB 231 154/AS 7.75 Thru-the-Earth Electromagnetics 
of Mines Workshop 
Mine Safety Develop, Assemble, and Install a 
Appliances Permissible Surveillance and Com- 
munication System in the Bureau of 
Mines Mining and Safety Research 
Center Coal Mine, at Bruceton, Pa. 
PB 231 574 4.00 V. 1--SystemDescription 
PB 231 575 4.50 V. 2--Circuit and Installation 
Company name NTIS No. NTIS price Title 
Westinghouse PB 232 880/AS $4.50 Electromagnetic Location Experi- 
Georesearch ments in a Deep Hardrock Mine 
Continental Oil PB 232 887/AS 5.50 Seismic Miner Detection and Loca- 
Company tion System; Phase I--Final Report 
A. D. Little Survey of EM and Seismic Noise 
Related to Mine Rescue 
Comunications 
PB 235 069/A~ 6.00 V. 1--Emergency and Operational 
Mine Comunications 
PB 235 070/AS 10.50 V. 2--Seismic Detection and Loca- 
tion of Isolated Miners 
Westinghouse PB 235 604 21.50 Trapped Miner Location and Comuni- 
(set> cation System Development Program 
PB 235 605/A~ 7.50 V. 1--Development and Testing of an 
EM Location System 
PB 235 606/AS 4.50 V. 2--Detection and Location of 
Entrapped Miners by Seismic 
Means (by Dr. S. J .  Duda) 
PB 235 607/AS 5.00 V. 3--Monitoring, Locating, and 
Communication System for 
Normal Mine Operation and 
Post -Disas ter Rescue 
Operations 
PB 235 608/AS 4.50 V. 4--PerformanceTestandEvalua-  
tion of a Full Wave Location 
Transmitter 
Collins Radio PB 237 218/AS 4.00 System Study of Coal Mine 
Communications 
Colorado School PB 237 852/AS 5.50 Research on the Transmission of EM 
of Mines Signals Between Mine Workings and 
the Surface 
A. D. Little PB 240 552/AS 4.50 Investigation of Communication Stan- 
dards as Related to Coal Mines 
Collins Radio PB 240 481/AS 3.50 Waveform Generator for EM Location 
of Trapped Miners 
National Bureau COM 741 1688/AS 4.00 Surface Magnetic Field Noise Mea- 
of Standards surements of Geneva Mine 
National Bureau COM 741 1687/AS 6.00 Electromagnetic Noise in Grace Mine 
of Standards 
Company name NTIS No. NTIS p r i c e  T i t l e  
Nat iona l  Bureau COM 741 1717/AS $6.75 Electromagnet ic  Noise i n  McElroy 
of Standards  Mine 
Nat iona l  Bureau COM 741 1718/AS 5.50 Electromagnet ic  Noise i n  Itmann 
of Standards  Mine 
Nat iona l  Bureau COM 741 1450/AS 4 .50  Time and Amplitude S t a t i s t i c s  f o r  
of Standards  Electromagnet ic  Noise i n  Mines 
Nat iona l  Bureau COM 751 0258 6.00 Electromagnet ic  Noise i n  Lucky 
of Standards  Fr iday  Mine 
Cont inen ta l  O i l  PB 243 068/AS 5.00 Seismic Mine Monitor System-- 
Company Phase I V  r e p o r t  
Con t inen t a l  O i l  PB 241 504/AS 4.00 Se i smicMineMon i to r  System-- 
Company Phase I1 r e p o r t  
A .  D .  L i t t l e  Technical  Se rv i ce s  f o r  Mine Commu- 
n i c a t i o n s  Research 
PB 249 829/AS 5 .00  T a s k D - - A p p l i c a b i l i t y o f A v a i l a b l e  
Frequency Mult iplexed C a r r i e r  
Equipment 
PB 249 830/AS 5.00 T a s k B - - A p p l i c a b i l i t y o f S t a t e - o f -  
the-Ar t  Repeaters  f o r  Wire less  
Mine Communications 
PB 249 831/AS 5.00 T a s k A - - A p p l i c a b i l i t y o f S t a t e - o f -  
the-Art  Voice Bandwidth Compres- 
s i o n  Techniques f o r  Wire less  Mine 
Communications 
C o l l i n s  Radio PB 244 896/AS 20.00 Research and Development Cont rac t  
( s e t >  f o r  Coal Mine Communication 
Systems 
PB 244 897/AS 4.50 V .  1--Summary and Resu l t s  of System 
Study 
PB 244 8 9 8 / A ~  5 .50  V .  2--Mine V i s i t s  
PB 244 8 9 9 / A ~  7.50 V .  3 - -Theore t ica l  Data Base 
PB 244 900/AS 4.50 V .  4--Environmental Measurements 
Cont inen ta l  O i l  PB 251 705/AS 4 .00  Seismic Mine Monitor System 
Company 
The following pub l i ca t ions  a r e  a v a i l a b l e  without  charge from the  Publ ica-  
t i o n s  Department, U.S. Bureau of Mines, 4800 Forbes Avenue, P i t t sbu rgh ,  
Pa. 15213: 
Lamonica, J .  A. ,  R .  L. Mundell, and T .  L .  Muldoon. Noise i n  Underground Coal 
Mines. BuMines R I  7550, 1971, 11 pp. 
Lee, F .  R .  Permissible  Mine Equipment Approved by t h e  Bureau of Mines During 
1967-68. A Supplement t o  B u l l e t i n  543 and Information C i rcu la r s  8220, 8299, 
and 8372. BuMines I C  8463, 1970, 25 pp. 
Lepper, C .  M . ,  and J .  H.  Sco t t .  An Improved E l e c t r i c a l  R e s i s t i v i t y  F i e l d  Sys- 
tem f o r  Shallow Ear th  Measurements. BuMines R I  7942, 1974, 20 pp. 
Parkinson, H .  E .  Mine Pager t o  Public  Telephone In terconnect  System. BuMines 
R I  7976, 1974, 14 pp. 
U.S. Bureau of Mines (Staff--Mining Research).  Mine Communications. Proceed- 
ings :  Bureau of Mines Technology Transfer  Seminar, Bruceton, Pa.,  
Mar. 21-22, 1973. BuMines I C  8635, 1974, 86 pp. 
I n  add i t ion ,  P rep r in t  No. 76-F-133, e n t i t l e d  "A Review of Research on 
Underground Mining Communications," by John N. Murphy and Howard E .  Parkinson 
i s  a v a i l a b l e  from t h e  Socie ty  of  Mining Engineers of AIME, 540 Arapeen Drive, 
S a l t  Lake C i ty ,  Utah 84108. 
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